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ABSTRACT
Objective: To describe the factors associated with survival 20 years after endovascular treatment of an abdominal aortic
aneurysm (AAA) in a single center.

Methods: Prospective cohort of asymptomatic patients with an infrarenal aortic aneurysm treated with a bifurcated
endovascular graft (Talent) between June 1997 and August 2008. Cox proportional hazard multivariable regression was
used for analysis of independent risk factors for survival. Kaplan-Meier curves were done with the long-rank test. P < .05
was considered significant.

Results: We followed 229 patients, 184 without an endoleak and 45 with an endoleak. Ages ranged between 52 and
89 years, and the mean diameter of the aneurysm was 59.51 * 146 mm. Implantation of the endovascular graft was
possible in 99% of the patients. The 30-day mortality rate was 3.4%. In the Cox regression, age <73 years (hazard ratio [HR],
0.42; 95% confidence interval [Cl], 0.27-0.64), aneurysm size =55 mm (HR, 0.62; 95% ClI, 0.40-0.95), male sex (HR, 0.17; 95%
Cl, 0.05-0.52), American Society of Anesthesiologists surgical risk category | and Il vs lll and IV (HR, 0.51; 95% ClI, 0.34-0.75),
and aneurysm size reduction =3 mm after treatment (HR, 2.23; 95% CI, 1.11-4.51) were significantly correlated with the
survival of the patients followed in this long-term case series.

Conclusions: This 20-year prospective cohort included patients with an AAA treated with a bifurcated endovascular graft
(Talent) at a university hospital in Brazil. This study supports that sex, age, aneurysm size, aneurysm size reduction, and
American Society of Anesthesiologists surgical risk category are significantly correlated with patient survival after
endovascular treatment of the AAA. (J Vasc Surg 2017;m:1-8.)

Abdominal aortic aneurysms (AAAs) are considered a
prevalent disease, mainly in elderly and is two to three
times more common in males. The main risk related
to aneurysms is rupture, which is an event with high
lethality. In the United States, an estimated 15000
deaths occur per year as a result of ruptured aneurysms
that reach the hospital, and this number doubles or tri-
ples if all cases of sudden death that occur outside the
hospital setting are included.!

Since Parodi et al” described the use of endovascular
grafts for the treatment of AAAs, the use of this tech-
nique has grown rapidly worldwide, surpassing 50% of
current elective surgeries.>”* Endovascular aortic aneu-
rysm repair (EVAR) is a less invasive alternative associated
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with less perioperative morbidity than conventional
open repair, including less blood loss and transfusion
requirement, shorter procedure times, diminished stay
in the intensive care unit, reduced duration of hospital
stay, and quicker recovery. In the United States, more
than 70% of interventions for AAA treatment are per-
formed using the endovascular technique.®

Despite a large number of publications on this tech-
nigque, there are very few reports on the long-term results.
Long-term success depends on aneurysm exclusion.
Endoleak could lead to aneurysm pressurization and
rupture. The experience with endovascular treatment of
AAAs in our service began in 1997.° The results of the first
6 and 10 years were previously published.”® In this study,
our goal is to present the long-term results (20 years) for
the implantation of endovascular grafts in AAAs from a
single center in Brazil.

METHODS

The experimental protocol and informed consent of
this study were approved by the Research Ethics Com-
mittee of our institution (number 237/290). We used a
prospective cohort of patients with AAA surgically
treated with endovascular grafts selected from patients
referred for surgical treatment in our institution. We
considered all patients subjected to endovascular treat-
ment for AAA between June 1997 and August 2008 for
participation in this cohort. Data were collected
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concurrently on all consecutive patients using a propriety
database with the clinical and technical variables.

The criteria for the indication of endovascular surgical
repair at our institution were as follows: (1) diameter
of the aneurysm sac >45 mm, (2) aortas with a diameter
greater than or equal to two times the normal diameter
of the infrarenal aorta, and (3) an increase in the
diameter of the AAA of >5 mm within 6 months. All
procedures were performed by the same surgical team
using TALENT aortic endograft (Medtronic Vascular,
Santa Rosa, Calif) exclusively. Patients with an aneurysm
in one of the common iliac arteries were treated with an
extension to the external iliac artery and intentional
occlusion of the ipsilateral hypogastric artery.

The exclusion criteria for participation in this cohort were
(1) patients residing outside the state of Rio de Janeiro
or who could not be followed at our institution, (2) nonbi-
furcated endovascular graft implantation, (3) clinical
signs of rupture or hemodynamic instability during
the preoperative period, (4) inflammatory aneurysm,
(5) surgical risk classified as American Society of Anesthe-
siologists (ASA) V, (6) bilateral iliac aneurysm with the
need for occlusion of both hypogastric arteries, and
(7) aneurysms <40 mm. The variables used and the defi-
nitions of the outcomes followed the recommmendations
of the American Society for Vascular Surgery.®

According to the protocol, patients underwent clinical
assessments and serial imaging through computed
tomography angiography within the first 30 days, at
6 months, and then annually. Treatment success was
defined as endovascular graft implantation in the
absence of (1) an endoleak, (2) twists, (3) kinks, (4) obstruc-
tions, dilation, migration, or loss of integrity of the
endovascular graft, (5) rupture of an aneurysm associated
with the procedure, (6) conversion to open surgery, and
(7) death associated with the procedure.

The statistical analysis was conducted with R Statistical
Software (Foundation for Statistical Computing, Vienna,
Austria). Categorical variables are expressed as fre-
guencies and percentages, and continuous variables
are expressed as means and standard deviations. Vari-
ables were analyzed by Cox regression model, consid-
ering death as the dependent variable and the mean
age (=72 years vs >72 years), ASA surgical risk (ASA |
and Il vs ASA Ill and 1V), sex (male or female), endoleak
(yes or no), aneurysm size before treatment (=55 mm
vs >55 mm), and aneurysm size reduction (=3 mm or
>3 mm) as the independent variables. Kaplan-Meier
curves were used to depict event frequencies over time.
Comparisons of Kaplan-Meier curves were done with
the long-rank test. P < .05 was considered significant.

RESULTS

We identified 521 patients with AAAs referred for surgi-
cal treatment during the study period. Of these patients,
379 (72.4%) underwent endovascular repair, with a total
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ARTICLE HIGHLIGHTS

- Type of Research: Single-center, retrospective anal-
ysis of prospectively collected data

- Take Home Message: In 229 of 363 patients undergo-
ing endovascular aortic aneurysm repair and followed
for a maximum of =20 years, late survival was associ-
ated with age <73 years (hazard ratio [HR], 0.42),
abdominal aortic aneurysm size < 55 mm (HR,
0.62), male sex (HR, 017), American Society of
Anesthesiologists surgical risk | and 1l (HR, 0.51),
and abdominal aortic aneurysm size reduction
of <3 mm (HR, 2.23).

- Recommendation: This study suggests that age,
small aneurysm size, male sex, American Society of
Anesthesiologists surgical risk, and sac reduction
are specific factors associated with improved late
survival after endovascular aortic aneurysm repair.

of 363 bifurcated endovascular grafts, 14 aortouniiliac
grafts, and 2 straight tube grafts. The Endovascular graft
implantation was possible in 99% of the patients
(376/379), and the 30-day mortality rate was 3.4% (n = 13).

Among the 363 patients who received a bifurcated
graft, the following patients were excluded from the
study: 73 patients who resided outside of the defined
geographical area, 4 who underwent emergency surgery
and presented with hemodynamic instability, 2 owing to
the presence of an inflammatory aneurysm, and 1 owing
to surgical risk category ASA V. Considering the perioper-
ative deaths of 13 patients and the loss to follow-up of 41
patients, a total of 229 patients in this cohort were avail-
able for long-term follow-up, including 45 with an endo-
leak and 184 without an endoleak.

All patients were followed with computed tomography
angiography during the postoperative period according
to the described research protocol. Demographic and
clinical characteristics of study participants are shown
in Table I.

The mean age of the women was 73.43 + 0.86 years,
which was significantly greater than the mean age of
the men (70.43 = 0.49 years; P < .05). The survival time
according to the Kaplan-Meier survival curve was signifi-
cantly better for male patients (8.08 *£ 0.49 years) than
for female patients (7.77 + 0.86 years; P < .05).

Outcomes in the group without endoleaks. A total of
184 patients (151 men and 33 women) were followed for
a maximum of 20 years. Their ages ranged between 52
and 89 years (mean, 71.7 + 7.85; median, 72 years), and
the mean AAA diameter ranged between 40 and
115 mm (mean, 59.51 + 14.6; median, 56 mm). Three pa-
tients (1.6%) required a second endovascular procedure
owing to kinking of the iliac branch of the endovascular
graft. Seven patients (3.8%) presented endotension with
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Table I. Demographic data and primary characteristics of
patients with abdominal aortic aneurysm (AAA) treated
with endovascular grafts

Characteristic

Gender

Male 185 (80.8)

Female 44 (19.2)
Age, years 71.7 £ 7.85
Diameter of the aneurysm, mm 5951 + 14.6
Hypertension 146 (63.8)
Diabetes mellitus 30 (13.1)
Smoking 144 (62.9)
Dyslipidemia 99 (43.2)
History of myocardial infarction 45 (19.7)
Lung disease 59 (25.9)
Peripheral vascular disease 34 (15)
Renal failure 20 (8.7)
Heart failure 19 (8.3)
History of stroke 15 (6.6)
History of neoplasm 13 (5.7)
ASA grade

I 27 (1.8)

Il 111 (48.5)

1l 85 (37.1)

\Y, 6 (2.6)

ASA grade, Surgical risk according to the American Society of Anes-
thesiologists criteria.
Values are reported as number (%) or mean *+ standard deviation.

an increase in the diameter of the aneurysm sac of
>10 mm, of which one patient (0.5%) required open sur-
gical repair owing to a 24-mm increase in the diameter
of the aneurysm sac at year 11 of follow-up. No patient
died owing to aneurysm rupture.

At the end of the cohort, 128 patients (69.6%) had died.
The causes in order of frequency were cardiovascular, 52
(40.6%); neoplasms, 21 (16.4%); respiratory complications,
15 (1.7%); stroke, 9 (7%); liver failure, 6 (4.79%); sudden
death, 6 (4.7%); digestive bleeding, 5 (3.9%); traffic acci-
dent, 5 (3.9%); diabetes-related complications, 2 (1.5%);
septicemia, 1 (0.8%); and other causes, 6 (4.7%). The
most frequent causes of death related to the cardiovas-
cular system were acute myocardial infarction in 26 pa-
tients (44.8%), congestive heart failure in 14 patients
(24.19%), and arrhythmia in 12 patients (20.7%). Based on
the Kaplan-Meier analysis, the estimated survival rate
for year 1 was 95.1 = 1.7%, for year 5 was 71.6 + 3.5%, for
year 10 was 362 * 39%, and for year 15 was
22.7 *+ 4.0%. For this group, the mean survival time was
8.24 = 0.43 years.

Outcomes in the group with an endoleak. The 45
patients (31 men and 14 women) with an endoleak
were followed for a maximum of 15 years. Their ages
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ranged between 73 and 89 years (mean, 78.2 = 4.1 years),
and the mean AAA diameter ranged between 57 and
N3 mm (mean, 683 = 12.0 mm).

There were 11 type |, 29 type Il, 3 type lll, and 2 type IV
endoleaks. Among these patients, 26 (57.8%) required a
second endovascular procedure, 11 in type |, 14 in type
Il,and 1in type lll. Open repair was done in three patients
with type Il and in two patients with type Il endoleak.
Five patients (11.196) underwent elective transabdominal
open surgical repair with the removal of the graft (two
patients died). Additionally, three patients (6.7%) died
from aneurysm rupture (emergency surgery was per-
formed in one of the patients, but the patient did not
survive).

At the end of the follow-up period, 40 patients (88.9%)
had died. The causes in order of frequency were cardio-
vascular, 14 (35%); multiorgan failure, 6 (15%); aneurysm
rupture, 5; (12.5%); respiratory complications, 5 (12.5%);
stroke, 3 (7.5%); liver failure, 2 (5.0%); digestive bleeding,
1(2.5%), renal failure, 1 (2.5%); and other causes, 3 (7.5%).
Based on Kaplan-Meier analysis, the estimated survival
rate for year 1 was 750 = 65%, for year 5 was
477 + 75%, and for year 10 was 13.4 + 6.9%. The mean
survival time was 5.29 + 0.62 years. The long-term results
for patients with and without an endoleak are presented
in Table Il. There was no statistically significant difference
(P =13 Fig ).

Outcomes related to age. For categorization by age,
the cohort was divided based on the median age into
patients aged =72 years and patients =73 years. In the
Kaplan-Meier analysis, the estimated overall survival
time was 9.73 = 0.61 years for patients =72 years of
age and 5.97 = 0.48 years for patients =73 years of age
(P < .01). The cumulative survival rate over time in the
younger patients was 96.6 = 1.9% at 1 year, 70.5 = 4.9% at
5 years, 443 = 56% at 10 years, and 38.6 * 58% at
15 years. In the older patients group, the rate was
83.8 £ 43% at1year, 51.4 = 5.8% at 5 years, 17.4 + 48% at
10 years, and 0.0% at 15 years (Fig 2).

Outcomes related to aneurysm size. Regarding the
aneurysm size, we considered two groups. The first group
had AAAs =55 mm in diameter and the second group
had larger aneurysms according to the American Guide-
lines for the indication of surgical treatment of AAAs
based on the aneurysm diameter.'° In the Kaplan-Meier
analysis, the estimated overall survival time was
938 * 0.65 years for patients with AAAs =55 mm in
diameter and 6.79 = 0.53 years for patients with AAAs
with diameters =56 mm. The cumulative survival rate
over time in patients with AAAs =55 mm in diameter
was 89.7 £ 34% at 1 year, 69.2 = 52% at 5 years,
46.3 = 5.9% at 10 years, and 30.4 *+ 6.4% at 15 years. In the
group of patients with AAAs with diameters =56 mm,
the cumulative survival rate was 91.7 = 3.0% at 1 year,
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Table Il. Cause of death in the long-term follow-up of patients with and without an endoleak
Without endoleak 52 (28.3) 52 (28.3) 21 (11.4) 15 (8.2) 0 (0) 25 (13.6)
With endoleak 5 (11.1) 14 (31.) 0 (0) 5 (11.4) 5 (11.4) 16 (35.6)
Values are reported as number (%).
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age <73

548 = 54% at 5 years, 181 = 45% at 10 years, and
15.8 + 45% at 15 years. There was a significant difference
between aneurysm sizes (log-rank test, P < .01; Fig 3).
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Time

Fig 3. Survival function according to aneurysm size.

Outcomes combining age and aneurysm size. Age and
aneurysm size were combined in four groups: age <72
with AAA =55 mm, age =72 with AAA >55 mm, age
>72 with AAA =55 mm, and age >72 with AAA
>55 mm. In the age stratum =72 years, the overall sur-
vival time estimated based on the Kaplan-Meier anal-
ysis (Fig 4) was 11.17 = 0.79 years for patients with AAAs
=55 mm in diameter and 7.94 = 0.88 years for patients
with AAAs with diameters =56 mm (P < .01). The
cumulative survival rate over time in patients with
smaller AAAs was 95.8 = 2.9% at 1 year, 79.2 = 59% at
5 years, 578 = 75% at 10 years, and 47.6 = 82% at
15 years. In the group with the larger AAAs, the rate was
85.0 £ 5.6% at 1year, 60.0 = 7.7% at 5 years, 272 = 7.7%
at 10 years, and 22.7 + 7.6% at 15 years.

In the age stratum >72 years, the overall survival time
estimated based on the Kaplan-Meier analysis (Fig 4)
was 6.45 + 0.87 years for patients with AAAs =55 mm in
diameter and 559 = 0.52 years for patients with AAAs
with diameters =56 mm (P < .01). The cumulative survival
rate over time in patients with smaller AAAs was
80.0 = 73% at 1 year, 533 = 91% at 5 years, 281 + 8.6%
at 10 years, and 0.0% at 15 years. In the group with the
larger AAAs, the rate was 86.4 = 52% at 1 year, 50.0 =
7.5% at 5 years, 9.5 = 53% at 10 years, and 0.0% at 15 years.
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ASA < lll

Outcomes according to ASA surgical risk. The ASA
classification is used worldwide by anesthesia providers
as an assessment of the preoperative physical health of
patients. Considering that there were only five patients
in ASA IV category, we decided to analyze two groups,
ASA | and Il vs ASA lll and IV. There was a significant
difference between ASA risk groups | and Il vs lll and IV
(log-rank test, P < .01). The ASA risk survival curve is
presented in Fig 5.

Cox regression analysis. We tested in Cox regression
model the variables death as the dependent variable
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and the mean age, ASA surgical risk, sex, endoleak,
aneurysm size, and aneurysm size reduction as the inde-
pendent variables. The analysis demonstrated as signifi-
cant five independent variables (Appendix Table, online
only): (1) aneurysm size (hazard ratio [HR], 0.62; 95%
confidence interval [Cl], 0.40-0.95), (2) age (HR, 0.42; 95%
Cl, 0.27-0.64), (3) ASA risk (HR, 0.51; 95% ClI, 0.34-0.75), (4)
sex (HR, 0.17; 95% CI, 0.05-0.52), and (5) aneurysm size
reduction <3 mm in the first 30 days after endovascular
treatment (HR, 2.23; 95% ClI, 1.11-4.51). Endoleak (HR, 0.72;
95% ClI, 0.43-1.18) was not significant.

DISCUSSION

Few publications have reported long-term results after
endovascular treatment of AAAs. In the vast majority of
cases, the studies compared the immediate and late re-
sults of endovascular treatment vs conventional open
surgical repair."'® Brewster et al® found a survival rate of
52% at 5 years after treatment, and Gloviczki et al'® re-
ported a survival rate of 66% for the same follow-up
period. The EVAR study found a survival rate of 68.9% at
6 years after treatment.'® Wibmer et al*° observed a sur-
vival rate of 70.8% at 5 years and 37.7% at 10 years. These
results are similar to those found in our study, with
survival rates of 71.6% at 5 years and 36.2% at 10 years.

Cardiovascular diseases were the most frequent among
the preoperative comorbidities and the main causes of
mortality in the long-term follow-up, followed by neo-
plasms. Several publications confirmed cardiovascular
diseases as the main preoperative comorbidities.>'®??2

In all studies, most patients who underwent endovas-
cular treatment for AAAs were male. Female patients
corresponded with only 14.7% of the study population
of the EVAR study and 19.2% of the population in our
study." Several publications claimed that the mortality
rate in patients subjected to endovascular treatment
for AAAs was higher in females, and this difference was
confirmed in our study.®%*

Aneurysm diameter is correlated with thrombosis of
the aneurysm sac and an increased risk of endoleak
development.?* In our study, the presence of an endo-
leak was correlated with a larger aneurysm sac diameter.
Age was also reported to be correlated with an increased
size of the aneurysm sac, which was reflected in our
group of patients with an endoleak. The need for reinter-
vention and the presence of an endoleak are factors
known to significantly reduce survival as well as risk fac-
tors associated with rupture.?*?> In our study, patients
with an endoleak presented higher mortality and reinter-
vention rates, albeit without statistical significance.

AAA is a disease related with age.?® When we analyzed
the influence of age using the Kaplan-Meier survival
curve, we observed that the life expectancy of 20 years
for patients aged =72 years was 38.6%, whereas all
patients >72 years of age died. Age as a predictor of sur-
vival has been well-described in various studies.'®'92>29
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A quick recovery and an improved quality of life
are observed in patients undergoing endovascular
treatment, which is particularly important in elderly
patients.”® The improvement in postoperative care,
anesthesia, and the introduction of the endovascular
technique has led to better results and fewer complica-
tions; thus, the indication of the endovascular technique
for these patients has increased in recent years.”® There-
fore, elderly patients (especially those with favorable
anatomy) can benefit from the endovascular technique
as long as they do not have severe life-limiting comorbid-
ities. Considering (1) the 30-day mortality after treatment
with EVAR, (2) the risk of death from aneurysm rupture,
and (3) the life expectancy of the patients considered
inoperable, we observed significant heterogeneity be-
tween the clinical study results. Therefore, in patients
considered at high surgical risk, we suggest that endo-
vascular treatment should be used only after an individ-
ual risk analysis. The reduction in the risk of death from
rupture associated with the endovascular treatment
based on the life expectancy and patient preference
must offset the risk of the procedure (30-day mortality).

The AAA size has several implications in the decision to
apply endovascular treatment. Large aneurysms are
associated with greater technical difficulty than small
aneurysms.®° Furthermore, clinical follow-up of small
diameter AAAs (41-54 mm) requires thorough observa-
tion using imaging methods for safety.”' Although several
studies have demonstrated the lack of superiority of
endovascular treatment over clinical observation in small
diameter AAAs, recent studies have shown that most of
these patients will require interventional treatment over
time**>* In the CAESAR study (Comparison of surveil-
lance vs aortic endografting for small aneurysm repair),
the need for treatment at 36 months was 59.7% for small
AAAs under observation, and this value increased to
845% at 54 months® After 3 years of follow-up,
Chang et al*® found a mortality rate of 2.0% for AAAs
=55 mm and 0.1% for AAAs <55 mm among patients un-
dergoing endovascular treatment. Ouriel et al** claimed
that endovascular treatment was a safe option for small
aneurysms. The EUROSTAR analysis revealed excellent
long-term results for the endovascular treatment of
small aneurysms and suggested that these findings justi-
fied a modification in the currently accepted treatment
indications*° Peppelenbosch et al*° concluded that
the endovascular treatment of AAAs was less effective
in aneurysms with larger diameters and suggested that
this treatment was more long lasting in small aneurysms.
In our study, we observed a significant difference in sur-
vival after 20 years of follow-up.

In our case series, age and AAA size were moderately
correlated. Thus, we decided to study the influence of
both variables on survival. Young patients with small
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AAAs presented a survival rate of 47.6% at 15 years of
follow-up, whereas the survival rate of patients in the
same age group with aneurysms >55 mm was 27.2%.
The survival rate in elderly patients (>72 years of age)
with large aneurysms (>55 mm) was 0%. The patients
with advanced age and large aneurysms had a greater
incidence of comorbidities and consequently a greater
surgical risk.*® The high surgical risk has been a concern
since the publication of the EVAR-2 study, which found
an immediate mortality rate of 9% in high-risk patients
for open surgery.>* We studied the effect of this variable
over 20 years and observed a mean life expectancy of
1217 years for ASA class | patients and 3.3 years for ASA
class IV patients.

Another important finding in this series was that the
30-day aneurysm sac diameter reduction was an inde-
pendent factor related to better survival. It seems to
reflect a treatment success, and future studies should
consider this variable in their outcomes.

Our study has some limitations. First, this study is not a
randomized study; therefore, the direct comparisons be-
tween subgroups must be evaluated with caution.
Another limitation is the attrition bias owing to the loss
to follow-up of 14.5% of the patients, although this per-
centage cannot be considered high for a 20-year
follow-up. The results were generated by a single surgical
team and with a single type of graft; therefore, the
external validity of these results must also be evaluated.
The learning curve (ie, the lower initial experience of
the team with the selection or the procedure) can influ-
ence the surgical results; for example, no intraoperative
deaths occurred for the last 78 patients in our series.
Finally, the number of patients at the end of the follow-
up was small, which potentially reduces the validity of
the results.

CONCLUSIONS

This is a 20-year prospective cohort of patients with
AAA treated with a bifurcated endovascular graft (Talent)
in a university hospital in Brazil. This study supports that
sex, age, aneurysm size, aneurysm size reduction, and
ASA surgical risk class are variables significantly corre-
lated with the survival of the patients after endovascular
treatment of an AAA.
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Appendix Table (online only). Hazard ratio and confi-
dence interval (Cl) based on Cox model for patients un-
dergoing endovascular treatment of abdominal aortic
aneurysm (AAA)

Male sex 0.17 0.05-0.52

ASA class < Il 051 0.34-0.75

Aneurysm size reduction = 3 mm 2.23 1.11-4.51
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